The association between vitamin D levels and Graves' disease is not well studied. This update review aims to further analyze the relationship in order to provide an actual view of estimating the risk. We searched for the publications on vitamin D and Graves' disease in English or Chinese on PubMed, EMBASE, Chinese National Knowledge Infrastructure, China Biology Medical and Wanfang databases. The standardized mean difference (SMD) and 95% confidence interval (CI) were calculated for the vitamin D levels. Pooled odds ratio (OR) and 95% CI were calculated for vitamin D deficiency. We also performed sensitivity analysis and meta-regression. Combining effect sizes from 26 studies for Graves' disease as an outcome found a pooled effect of SMD = −0.77 (95% CI: −1.12, −0.42; p < 0.001) favoring the low vitamin D level by the random effect analysis. The meta-regression found assay method had the definite influence on heterogeneity (p = 0.048). The patients with Graves' disease were more likely to be deficient in vitamin D compared to the controls (OR = 2.24, 95% CI: 1.31, 3.81) with a high heterogeneity (I 2 = 84.1%, p < 0.001). We further confirmed that low vitamin D status may increase the risk of Graves' disease.
Introduction
Graves' disease is an autoimmune thyroid disease characterized in its typical presentation by the unique association of thyrotoxicosis, goiter and ophthalmopathy [1] . As one of the most frequent diseases among autoimmune disorders, an annual incidence of Graves' disease was approximately 14 per 100,000 [2] .
Graves' disease is a multifactorial disease caused by a complex interaction between genetic and environmental factors that lead to the loss of immune tolerance to thyroid antigens, and therefore to the initiation of an immune reaction against the thyroid. For example, vitamin D receptor (VDR) gene polymorphisms were found to be associated with the risk for Graves' disease [3] .
Several studies also explored the association between vitamin D levels and Graves' disease [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The results of some studies demonstrated that the patients with Graves' disease had lower vitamin D levels or higher prevalence of vitamin D deficiency, suggesting that low levels of serum vitamin D was associated with Graves' disease [5] [6] [7] [8] [10] [11] [12] [13] [14] [15] , while other studies did not find that vitamin D deficiency increased the risk of Graves' disease [4, 9] . The association between vitamin D levels and Graves' disease is still under debate. Wang et al. [18] conducted the meta-analysis of the association between vitamin D and autoimmune thyroid disease, including the Graves' disease with 13 studies [13, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . However, the study [18] neither included enough references nor analyzed the sources of high heterogeneity. So the relationship needs to be further evaluated.
This update review aims to analyze the association between vitamin D levels and Graves' disease in order to provide an actual view of estimating the risk.
Methods

Search Strategy
We searched for publications on vitamin D and Graves' disease in English or Chinese. PubMed, EMBASE, Chinese National Knowledge Infrastructure (CNKI), China Biology Medical (CBM) and Wanfang databases were searched (up to April 15 2015) by two investigators, independently. The MeSH search terms were adapted: "Vitamin D", "25 Hydroxyvitamin D", "25 Hydroxyvitamin D3" in combination with "autoimmune thyroid disease" or "Graves' disease".
Inclusion/Exclusion Criteria
All the studies identified were reviewed independently by two investigators and the studies were included if they fulfilled the following criteria: (1) a case-control study or cohort study was reported; (2) the cases were diagnosed as Graves' disease and the control group was composed of healthy individuals; (3) quantitative or qualitative vitamin D levels were described in the references. The references were excluded from the meta-analysis as follows: (1) the study was not related to Graves' diseases; (2) the reference did not describe the vitamin D level in the two groups; (3) the reference consisted of duplicate data or publications from the included studies. The Newcastle-Ottawa Quality Assessment Scale was used to assess the quality of the studies included in the meta-analysis and performed by two reviewers with a third reviewer consulted in case of discrepancy.
Data Extraction
The information were extracted from the included studies using a standard form by the two reviewers. Any disagreement was resolved by discussion between the two reviewers. If consensus could not be reached, a third reviewer was consulted. The standard form included the variables as follows: the author, publication years, the study period, the study country, the mean age of case and control groups, the sample sizes of two groups, assay method of vitamin D, the detection index, the vitamin D concentrations (ng/mL) in the two groups (nmol/L to ng/mL by dividing by 2.5) or the number of vitamin D deficiency in the two groups and the cutoff for defining vitamin D deficiency.
Outcomes Measures
The primary outcome was the vitamin D level; the secondary outcome was the vitamin D deficiency. Comparisons were performed between the Graves' cases and control population.
Statistical Analysis
The median and range were used to estimate the mean and variance with the method by Hozo et al. [32] . Heterogeneity among the studies was assessed using the Cochran Q and the I < 0.05; otherwise, random effects model was used. The standardized mean difference (SMD) and 95% confidence interval (CI) were calculated for the primary outcome. Pooled odds ratio (OR) and 95% CI were calculated for the secondary outcome. In case of heterogeneity, subgroup analysis was conducted. The Egger weighted regression test was used to statistically assess publication bias (p < 0.05 was considered as indicative of statistically significant publication bias). All statistical analyses were performed using Stata 12.0 (Stata Corp LP, College Station, TX, USA).
Results
In our study, we initially searched 501 related references, among which 171 were duplicates. When removing the duplicates and other unrelated references (insufficient data about the vitamin D and disease definition unrelated to the Graves' disease in the references), 27 references met our inclusion criteria and were recruited in the meta-analysis (Figure 1 ). According to the data type, 26 and 13 references were used as continuous data and categorical data on the meta-analysis of vitamin D and Graves' disease, respectively.
Information of the Included Studies
The information of the included studies were listed in Table 1 . Most studies were published after 2012 (63.0%, 17/27) and from China (66.7%, 18/27). There were 3716 study subjects, including 1770 (47.6%) cases with Graves' disease and 1946 (52.4%) controls. All studies received a score of more than or equal to six, indicating good quality. 
Continuous Data of Vitamin D Level and Graves' Disease
The analysis included 26 studies involving 1748 cases and 1848 controls. Combining effect sizes from 26 studies for Graves' disease as an outcome found a pooled effect of SMD = −0.77 (95% CI: −1.12, −0.42; p < 0.001) favoring the low vitamin D level of patients with Graves' disease by the random effect analysis (Figure 2 ), which was statistically significant compared to the control group. However, a high degree of heterogeneity was found (I 2 = 95.5%, p < 0.001).
Subgroup Analysis
We performed subgroup analysis to analyze the sources of heterogeneity (Figure 3 ). Six factors were used for subgroup analysis, including mean age of case group (≥40/<40 years) ( Figure 3A) , geographic location (Asia/Europe/Africa) ( Figure 3B ), country type (developed/developing) ( Figure  3C ), detection index (25(OH)D/25(OH)D3) ( Figure 3D ), assay method (ELISA/ECLIA/RIA/ CPBA/HPLC) ( Figure 3E ) and study period (before/after 2010) ( Figure 3F ). Figure 3 A-F shows that the heterogeneity remained high (>80%) in all subgroups, although a slight decrease occurred in the subgroups of assay method ( Figure 3E) . Interestingly, the SMDs were −0.21 (95% CI: −1.06, 0.64) in Europe, −0.86 (95% CI: −1.27, −0.46) in Asia, and −1.17 (95% CI: −1.54, −0.81), respectively. 
Meta Regression Analysis
A meta-regression was performed further to explore the possible sources of the heterogeneity. We put the six factors in the subgroup analysis into the meta-regression. As shown in Table 2 , none of the six factors had any definite influence on heterogeneity except for assay method (p = 0.048). 
Sensitivity Analysis
The sensitivity analysis was performed and shown in Figure 4 , which demonstrated stability and reliability of the meta-analysis results through consistency of meta-analysis results and between the different subgroups. Observed from the Figure 4 Figure 5 showed the Egger's publication bias plot in the meta-analysis. The plots shape, as well as the p value from Egger's regression (p = 0.049), did not show strong evidence of publication bias. Figure 5 . The Egger's publication bias plot for the association between vitamin D levels and Graves' disease.
Publication Bias
Categorical Data of Vitamin D Level and Graves' Disease
In total, 13 studies were included to analyze the association between vitamin D deficiency and Graves' disease. Due to the result of sensitivity analysis, the study by Han et al. was excluded. The patients with Graves' disease were more likely to be deficient in vitamin D compared to the controls (OR = 2.24, 95% CI: 1.31, 3.81) with a high heterogeneity (I 2 = 84.1%, p < 0.001) in Figure 6 . We did not find the publication bias from the Egger's regression (p = 0.136) in Figure 7 .
Discussion
We further analysed the relationship between vitamin D levels and Graves' disease when including more references on the basis of the previous meta-analysis by Wang et al. [18] . We also explored the sources of high heterogeneity, finding that the assay method partly contributed to it.
Most current evidence confirmed a higher prevalence of low vitamin D levels or deficiency in patients with Graves' disease [5, 6, [10] [11] [12] 14] . In our meta-analysis, which suggested the actual refinement relationship, the absolute SMD value and the OR value were lower than those in the study by Wang et al. [18] , respectively. We also found that a larger significant difference between the vitamin D levels and Graves' disease was found in Africa compared to Asia, while no significant difference was found in Europe, which may be due to the living standard and economic level. However, as Rotondi et al. noted, the existence of an association, even when supported by strong statistical significance, does not automatically imply that a causal relationship exists [33] ; it is therefore necessary to perform more cohort or experimental studies to confirm the causality. The meta-regression analysis showed the assay method contributed to the heterogeneity. However, the heterogeneity revealed only a slight drop in the subgroup analysis of the assay method. The high heterogeneity may have also arisen due to other reasons, which could not be analyzed in the study because of the partial loss of data or unrecognizable details, such as the characteristics of study subjects, differences in the operating protocol, and so on.
Han et al. reported that the vitamin D level in the case group was obviously lower than that in the control group (58.84 ± 8.01 ng/mL) [16] , which was much higher than in other studies. This may be related to the sample from healthy control or the assay method (HPLC) in the study. In the meta-analysis on the categorical data, we omitted this study to avoid the significant influence on the result when analyzing the categorical data.
Certain limitations were present in our study. We did not obtain the data of vitamin D deficiency in the references with the vitamin D levels from the authors. The strength of our study was the fact that we used a relatively wide range of references to determine the association between vitamin D and Graves' disease and reduced the publication bias, as well as improved the accuracy of estimating the risk.
In summary, we further confirmed that low vitamin D status may increase the risk of Graves' disease. However, whether vitamin D deficiency favor the onset of the disease or supplement of vitamin D has any beneficial therapeutic effect in Graves' disease needs to be resolved.
